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In  a  recent  letter  to  the  IBM  Journal,  Lasher  [Bef .  l]  gives  the 
relation  for  threshold  current  In  a  p>n  Junction  laser  as 
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where ; 

q  =  electronic  charge 

n*  =  Index  of  refraction 

d  =  width  of  active  region 

Am  s  width  of  spontaneous  emission  line 

X  =  wavelength 

a  =  quantum  efficiency 

T  =  percent  of  light  transmitted  through  end  of  laser 
/  =  length  of  crystal  along  active  region  between  reflectors 

diffraction  loss 

dill 

=  absorption  loss  in  the  active  region.  . 


In  his  calculation,  Lasher  neglected  the  effect  of  on  the 
threshold  ciarrent  because  he  felt  that  it  was  difficult  to  estimate. 

It  is  possible  to  Include  the  absorptive  effects  associated  with  incom¬ 
plete  population  inversion,  and  it  is  the  purpose  of  this  report  to 
point  out  how  this  absorption  should  be  included.  For  the  case  of 
reconib ination  through  an  acceptor  level,  the  rate  processes  to  be  in¬ 
cluded  are: 


A.  Spontaneous  electron  recombination  on  neutral  acceptor 


(’t  %  “i "  ira) 


B.  Stimulated  electron  recombination  on  neutral  acceptor 

^"^t  '^n  “  F+l^ 

0 

C.  Photon  absorption  by  negative  acceptor 

N„-n  „ 

"n "  Itir  f) 

Coo 

D.  Hole  capture  on  ne^tive  acceptor 
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E.  Hole  emission  from  neutral  acceptor 


where  ani  are  the  neutral  Eurxd  negative  acceptor  densities.  The 
rest  of  the  symbols  are  defined  In  Eq.  (2).  The  various  rates  are  ob¬ 
tained  by  making  each  process  balance  the  inverse  process  at  thermal 
equilibrium.  The  rate  at  which  the  electrons  emit  photons  (Processes 
A  and  B)  is  taken  as  proportional  to  the  initial  and  final  states  times 
N+1.  The  part  proportional  to  N  is  the  stimulated  recombination  and 
the  1  is  spontaneous  recombination.  The  rate  of  photon  absorption 
Process  C  is  Just  proportional  to  the  density  of  photons  and  initial  and 
final  electron  states.  Processes  D  and  E  are  not  photon  coupled  so  in¬ 
volve  only  initial  and  final  states.  The  net  rate  of  electron  recombina¬ 
tion  (photon  production)  is  obtained  by  solving  for  and 

(neutral  and  negative  trap  densities)  in  the  two  equations 


nJ  +  N-  » 


=  0 


and  substituting  into  the  equation 


f  .  B-O  .  A  .  B  -  C. 


The  net  rate  of  recombination  becomes 

N+1  N  "C 
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t  p 


where : 


thermal  -velocity 


0.0  B  capture  cross  sections  for  electrons  and  holes  respectively 
n  p 
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B  number  of  traps  (acceptors) 

n,p  =  electron  and  hole  densities 

”o'^o  “  equilibrium  electron  and  hole  densities 

n^,p^  =  electron  densities  if  the  fermi  level  is  at  the  trap  level 

N  =  average  population  of  the  electromagnetic  modes 

N  =  equilibrium  electromagnetic  population- -the  Bose-Einstein 
°  function 

=  effective  density  of  states  in  the  valence  and  conduction 
bands 


n^  =  intrinsic  electron  density. 

The  net  stimulated  emission  is  [Ref.  2] 


(R-G)  =  v^a  CT  IL 

'  's  t  n  p  T 
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and  the  net  gain  becomes 


g  = 


Nc-n  Ny-p  ^  2  jit//kT 

.2  ■  N„-n  N„-p  "^i  ® 

X  .la  _  C  o  V  ^o 


Snn'*^  qdA/^  ^  ^  2  ^h./kT 
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The  gain  at  infinite  current  approaches  an  asymptotic  value  since  N 
and  J  are  linearly  related  [Ref.  3l  and  is 
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(V?)  if  the  photons  are  reflected  at  the 

yy  d  boundary  of  the  active  region 


1 

VFd 


if  the  photons  are  not  reflected  but  are  immediately 
lost. 
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The  satwated  gain  comes  about  because  the  photon  flux  prevents  an 
arbitrarily  large  Inversion  of  levels.  The  saturated  gain  Is  larger 
If  there  are  no  reflections  at  the  boundary  of  the  crystal,  since  In 
this  case  a  greater  degree  of  inversion  Is  possible.  The  gain  can  be 
written  as 


1  + 


-ES. 
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and  the  threshold  relation  becomes 


It  should  be  noted  that  Eq.  (j)  is  Just  Lasher's  equation  (6)  for 
threshold  current  but  modified  by  the  factors  involving  the  pn  product 
and  asymptotic  gain.  Actually,  Eq.  (7)  is  still  an  implicit  relation 
for  threshold  current  density  since  the  current  and  the  pn  product  are 
related.  It  does  not  appear  possible  to  obtain  an  explicit  form  for  the 
thresholil  current  density  but  a  great  deal  can  be  leeimed  from  the  im¬ 
plicit  relation.  First,  the  saturated  gain  at  infinite  current  mxjst 
exceed  the  losses  to  obtain  a  laser.  The  ratio  of  decreases 

as  the  active  width  increases.  Thus  a  reasonably  high-mobility  semi¬ 
conductor  is  required.  Also,  a  population  inversion  is  necessary.  If 

F  and  F  are  the  quasi  fermi  levels  for  electi-ons  €md  holes 
n  p 

respectively,  then  the  condition 


k 


SEL-63-013 


pn 


>  0 
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VP  2 


ghv/KT 


reduces  to  F  -  F  >  Iw  (q) 

n  p  ' 

For  band-to-band  recombination,  the  gain  relation  is  Identical  to  the 
relation  for  recombination  through  an  impurity,  even  though  the  actual 
recombination  rate  appears  to  be  quite  different.  Also,  if  the  satur¬ 
ated  gain  is  veil  in  excess  of  the  losses  for  the  least-lossy  mode,  and 
if  a  population  inversion  is  reached  at  a  current  well  below  the  thresh¬ 
old,  the  threshold  relation  reduces  to  Eq.  (l)  with  =  0.  If  the 
current  reaches  the  value  calculated  from  Eq.  (l)  with  =  0  well 
before  a  population  inversion  is  obtained,  then  the  most  inqiortant 
criterion  is  that  Eq.  (9)  be  satisfied. 

As  applied  specifically  to  a  GaAs  p-n  junction  laser,  the  require- 
ment  that  pn  >  n^  exp  [hi'/kT],  which  assumes  nondegenerate  statistics, 
can  be  written  as 


pn  >  exp  [hi^-6g)/kT]  (lO) 

We  do  not  know  the  magnitude  of  £  -hu  but  it  is  certainly  no  more 

S 

than  50  mv  and  is  probably  much  less.  We  start  our  calculation  with 
the  equation  for  current  in  a  diode, 

n 

where  T  is  the  radiative  electron- recombination  lifetime.  If  p  and 
n 

n  are  approximately  equal  at  the  threshold  we  have 
n-^N^exp  [h»'-€g)/2kT] 

3/2 

-  2xl0^®/cm3  (~)  exp  [(hjv-e^)/2kT]  (12) 

We  neglect  the  hole  current  injected  into  n  material  since  the  lasing 
is  thought  to  occur  in  the  p  material. 
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The  value  of  r  to  be  subsltuted  Into  Eq.  (U)  should  be  the 
®  -8 

lifetime  for  radiative  recombination.  A  value  of  10~°  for  r  seems 

n 

reasonable  and  may  be  approximately  Justified  as  follows.  In  an  ordinary 

o  "Q 

GaAs  diode  operating  at  T  =  3OO  K,  «  10  ^  sec  Is  typical.  Since 
a  relatively  small  amount  of  ll^t  Is  observed  from  these  diodes,  we 

.Q 

conclude  that  the  10  -sec  lifetime  Is  due  to  nonradlatlve  lecomblna- 
tlon  processes,  and  that  the  lifetime  for  radiative  processes  must  be 
10”  sec  or  greater.  We  further  suppose  that  cooling  the  crysted. 
Increases  the  nonradlatlve  lifetime  but  does  not  affect  the  radiative 
lifetime.  Hence,  at  liquid  nitrogen  or  liquid  helium  temperatures,  the 
radiative  lifetime  Is  the  short  one,  and  this  determines  the  current. 

With  the  aid  of  these  approximations,  Eq.  (u)  may  be  evaluated 
as  follows: 


3/2 

J  =  i  3.2x10^  (~)  exp  t(h»'-€g)/2kT]  amp/cm^.  (13) 

This  equation  gives  J  =  3*2xl0^amp/cm^  at  T  «=  300°K;  J  =  l|.2xl0^ 
amp/cm^  at  T  =  77°Kj  and  j  =  U8  amp/cm^  at  T  =  when 
«  kT  and  0  =  1.  These  values  conqjare  favorably  with 
threshold- ciurrent  densities.  Since  the  value  of  d  has  been  taken 
from  a  laser  that  operates  at  llquld-nltrogen  temperatures,  we  expect 
the  starting  current  to  be  most  nearly  correct  there.  Also,  at  llquld- 
hellum  temperature,  population  Inversion  Is  reached  well  before  the 
threshold  so  tnat  Eq.  (l)  with  Ct^  =  0  gives  the  correct  value. 

At  room  temperature,  the  quantum  efficiency  a  Is  considerably  less 
than  imlty  so  the  threshold  Is  Increased.  The  results  of  calculations 
and  observations  sure  listed  below; 


Calculation 

Observed 

Conditions 

(3.2x10^*) (0=1,  hv=€g) 

10^ 

[Ref.  4] 

T 

=  300°K 

4.2xlO^(a=l,  hvec  ) 

g 

8x10^ 

[Ref.  5] 

T 

=  77°K 

830  (as  calculated  by 

700 

[Ref.  6] 

T 

=  4.2®K 

Lasher  [Ref.  l] ) 

80 

[Ref.  7l 

T 

=  2°K 
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The  agreement  is  somewhat  fortuitous  since  at  300°K  the  quantum 

efficiency  Is  certainly  lees  than  unity.  This  discrepancy  may  be  offset 

by  having  £  -hi'  >  0.  For  the  helium- tenqierature  calculation,  too 
8 

little  Is  known  about  capture  cross  sections  to  be  confident  of  the 
lifetime  values  to  use,  and  hence  the  width  d  of  the  active  region  is 
open  to  considerable  question. 
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1  Attni 

■WSC-H.  targnlU 

1  Attni 

ASAPRD-  (Rand) 

1  Attni 

ASARtL-  (Ubrary) 

CoMondoiit 

AF  Znatitata  of  ToehnoXogr 
WricM'Fottarosfi  An,  Ohio 
1  AUnt  HCU-Ubrarj 

tns,  Ub.  Officor 
OSAF  AoMloaf 
1  OSAr  AaodoiV,  Colorodo 


AioUtant  Soe/.  of  DofonM  (SoMoroh 
And  Omloiaait) 

Dipt,  of  DifooM 
WMhinfton  Z5,  D.C. 
i  Attni  TMhnioal  Librorjr 

Offici  of  Dlroetor  of  Difonao 
SoMorch  iud  Iii(inaoriii( 

Dopt.  of  OifonM 
1  WuhinctonfS,  D.C. 

Sitloial  AoronoBtiaa  and  Spooa  Adan. 
Ooddard  Spooa  ni(ht  Cantor 
Oraaiibalt,  Hd. 

1  AUnt  Chlaf,  Data  Spataaa  Dir. 

Sat’l.  Aaronautloa  A  Spaea  Adaln. 
Oaorga  C.  Marahall  SpaM  FUtfit 
Center 

»iintsvlll*p  AlabuM 
1  Atint  M-OAC-R 

Aviation  Ai^tiOjr 
Butmu  of  Itasa  aid  DavHo 
laahiiifftoo  25s 

1  AUni  RD-Ii0651s  Hr#  Harry  Hayata 

Aaaiatant  8ae*y  of  Dafanaa  for 
Raaa  and  HnglaaariDC 
Inforaatlon  Offloos  lAtrary  Br# 
Paotaaoii  Bldao 

2  Vaahinfton  25*  D.C. 

Dapariaatit  of  Dafanaa 
Dafanaa  CoMainleaiiono  Aifafscy 
faahiii4^i  25*  D.C. 

1  AUnt  12Us  TacA.  Ub. 


BKacutiva  Oiractor 

Air  ?orea  Offl^oa  of  3ciautific  Haa. 

laahington  25#  D.C. 

1  Attnt  Coda  SR^V 
I  Attni  Coda  SRIA 

Offlca  of  Soiantifie  Raaaaroh 
Dapt.  of  tha  Air  Forca 
WadiingtonSSs  D.C. 

1  Atioi  SROL 

Air  Korea  Spacial  Waapona  Cantar 
Kirtland  AKBs  Nov  Ifcxico 

2  Attni  SVOI 

Olraetor 

Air  Hnivaraity  library 
mtamll  APBs  Alabaaa 
1  Attni  CA  U5S2 

AK  ttiaaila  Taat  Cantar 

Patrick  AFB,  Florida 

1  Attni  AFVre  Taob.  Library  llU-135 

GoMandiuc  Qanaral 
Rcaa  Air  DarU.  Cantar 
Oriffiaa  AFBf  Robb,  Naa  lork 

2  Attni  RCn 

I  Attni  SCNID,  IliJ.  B.J.  Lonf 
I  Attni  RCmis  Dora 

CoaMnding  Qanaral 

Air  Korea  Cai^ridga  Baa.  Xnba. 

Air  Raa.  and  Dav't.  CoaMiid 
L.Oa  HanaooB  Fiald 
Badfords  Ifeaa. 

1  Attni  afforT-2s  Blactroniea 
1  Attei  naotrenlo  Bm«  Ub.  (GRR) 

1  Attni  <%iafs  CRRB 
1  Attni  Dr.  H.K.  Zadilrnt 

Conpttar  and  HatfaMntieal 
Selanoaa  Ub. 

Haadquartara,  AFSC 
Attni  SCia 
Aodrana  AFB| 

I  VartiinftoA  25»  D«C. 


Instituta  tcT  Dafanaa  Analyaaa 
1666  Connacticttt 
Uahington  9$  D.C. 

X  Attni  W.E.  Bradlay 

Uvid  Taylor  Modal  Baain 
laahlnfton  7s  D.C. 

1  Atuii  ibehrtieal  Lilrarys  Coda  lii2 

UaS.  Coast  Guard 
IJOO  A.  Straatp  B.W. 
laahington  25#  D.C. 

1  Attni  KZ 

Advisory  Group  on  KUctrou  Davioaa 
3U6  Broadiuiyp  Bth  Floor  laat 
Haa  Xork  13s 

2  Attni  Harry  Sullivan 

CoMMDdar 

tmad  Sarvicaa  Tbcb.  Info.  Agancy 
Arlington  iPi  1  Station 
Arlington  12,  Fa. 

10  Attni  TIFGA 

Canaua  Buraaa 
Vaahington  25#  D«C. 

1  Attni  Offioa  of  Aaat.  Dlracter 
for  Btatiitioal  Sarvioaa 
J.L.  ItoFberaon 

Krogran  Director 
Bnglnaarlag  SaeUen 
laUenal  Seianea  Fcnndatlon 

1  lashingtoo  2$#  D.C. 

Cn—nrling  Offlcar 
DUnend  crtenoa  Khan  Uba. 
laahingtoa  2$p  D.C. 

2  Attni  mm  9?0,  IT.  K.T.  Xbwg 
X  Attni  Utararr 

1  Attni  0R)rM$O-639#llr.  R.H.  Qmgm 

Batioonl  Baraaa  af  Staadarda 
iaahingtao  25»  D.C. 

1  Attni  R.O.  Cbeam 
1  Attni  W*  f.H.  Alaaaadar 
1  Attni  Ubrarlan 


iM^BaparUwO/ 
18  DIatr.  Uat  b-O 
.8  . 


U.8.  Dipt,  nf  Cn— arni 
latUnal  Bumaa  af  Standarda 
Bonldar  Ubamteriaa 
Cantral  ladle  Krepifatioa  Ub. 

1  Bouldars  OeUrado 

U.8.  Dapt.  d  Goanaroa 
iat*l.  Iiaraatt  of  SUndards 
Bonldar  Uboratcrlao 
BoiQMtf.  Charade 
1  ittai  HU*  J.  Unaeln,  OkUf, 

lUdio  farnins  SarHoM  Sm. 

Diraatar 

latieiial  SMuritr  tmacf 
1  rt.  Oaora*  0.  Hata.,  HI. 

1  Attm  rJi 
1  Attni 

1  Attni  Ramrd  Caavadsna 

1  Attni  C3/T0L,  Hia.  fOOBT,  iMh.  Deo. 

CkUf,  U.S.  Any  Saeuritjr  Aganay 
Arllngtan  Hail  Statian 

2  Arlinston  12,  Vt. 


Cantral  Intallltanaa  Asaney 
2100  I  St..  X.l. 

■aahinttan,  D.C. 

1  Attni  Mr.  A.  Boral 


wimsiTiis 


Oninraity  af  Ariaena 
Hoc.  ilngr.  Dapt. 

Taeam  25,  Ariaana 
1  Attni  Hobart  L,  HalHar 
1  Attni  Dr.  Diiu(laa  J.  MaaAltau 

Jat  Fropnlain  Labentary 
CMllfornU  Inat*  of  Taohrolocy 
bSOO  Oak  Creira  St. 

PBaadana  3,  Calif  omU 
1  Attni  Library 

Uniraraity  of  California 
Slaetrloal  liniinaarlng  Dopt. 
Barfcalay  It,  CalifoniU 
1  Attni  Prof.  K.M.  Sauiidara,  Cha. 

Unlmnity  of  California 
Radiatlou  taboratory 
Inforaation  Dir.,  Blog.  30,  Ha.  101 
Bailcalay,  California 
1  AUDI  U.  R.A.  «akarlii« 

Dniaaraity  of  GaliferaU 
laaranoa  RadUtion  Uboratery 
P.O.  Bn  SOS 
Lirarwra,  California 
1  Attni  Tt^.  Difo.  DIt. 


DniToraity  af  CalifarnU  at 

Ua  Ai^alaa 

Loa  Aagalaa  2li,  Callfarala 
1  Attni  Dapt.  af  HigUaarlns 
Prof.  Otrtld  lUrin 
1  Attni  Baetnaasaatioa  DIt, 

B.S.  BUtatt 

Tha  OttUaraity  of  Chieafa 
Inatitata  for  Caatputar  Baaaareh 
Ohioaso  37,  xmn^  — 

1  Attni  Rioh^ta  C.  Hatrapalla,  Dir. 

ColiadbU  Dniaoraity 
So.  lark  27,  H.I, 

1  Attni  Dapt.  af  Riyaioa 
trvt.  L.  SnUauln 


CoimU  Ualvanitjr 
Ooi^Uy*  >M.  i*ap«a 

ItoxUater  RaU 
XthM,  k.T. 

1  Attni  r>  loMBtatoti 

(tolvaraitgr  of  norldt 
Oowrtant  of  liloetilaal  bi(r< 
ftk  336,  Bulnoorlm  BUf. 
OoiiwvUlo,  FlorUo 
1  Attoi  U.J,  WlolM 

dooraa  Wnfclmton  UniToroltjr 
Wrtlmton,  D.C. 

1  Ittni  Frof.  M.  OrUOMn 

Maal  Io(t.  of  Took* 

Oopt<  of  I*!, 
mUiMliilila,  6.  H. 

'i  Altai  r.B.  rngott 


IhMaaita  Itaiwnltr 
BKiTof  Klaolrlaal  InclaaoiliK 
1.  Uaaooala  Aaa. 

HUaukaa  3,  naaoeala 
1  Altai  Arthor  C.  Itoallar 

IfeaaaehaaatU  Mat.  of  taekaoloif 
CaiArUio  33,  Htaaaohuaalta 
1  Boaaarab  Ukoratanr  of  llaatroaioa 
(Saraaial  Mb  26>3I7) 

1  Utaoratarjr  for  Inaulallee  Baaiomh 
KUt  8Ua,  Utearltn,  Ra.  IflUi 

Uaeola  Uberalerjr 
Moasockiiaatta  lualltuta  of  Iooh> 
F.O.  aoB  73 

Urlnitoii  73,  Ihoaaoiaiaalta 
1  Altai  Dr.  Mllor  I.  «tUa 
1  Altai  Ubrarr 
1  Altai  Naof  KaiaoaanUliM 


Onloanttr 

Hao.  lagr,  DqA. 

South  Soad,  laSlaaa 
1  Altai  lotooa  Marr 

Ohio  Stata  Ualaaraltf 
Oaiiartaant  of  Bao.  Misl— f<"S' 

ftoulyflNu  dhl# 

1  Attui  Prof.  £.M.  Boom 

Orocoa  Stata  UBlaarall.r 
OasartMut  of  Baatriaal  Bo«r. 
Ceroallia,  Orasoa 
1  Altai  8.J.  OorthHjrf 

Uoiwaltir  of  ttoioglaanlo 
Meora  Sobool  of  B.B. 

200  8.  3l>th  St. 

FhllaiiaXshla  li,  Sauuafloaota 
1  Altai  Mlaa  A.L.  Caivtoe 


GaorgU  InatltuU  of  lochnolop 
AtlauU,  Oaortla 

1  Altai  Mra.  J.I.  Croalaad, 

Ubrarlaa 

Barvard  Unloaraltf 
Taehnleai  Hoparti  UoUoeUoa 
Sooa  ?Cja,  naroa  Sail 
(Mbrldst  3S,  MMoaidaiaatU 

2  Altai  Hra.  Uiaabath  raitaa 

Ubrarlaa 


Dfuaalo  Aaaljraia  and  Control  lab. 
ShaaaolataatU  loat.  of  laohowlatjr 
Sooa  3-6$7 

Otabridca,  itiaoafhnaatu 
1  Attui  D.M.  Saaaann 

Olraatar 

Coolaf  Slaotroaloa  laborators, 
a.  CaaRua 
umraraltir  of  Mlehlsaa 
1  Ana  Arbor,  HleliliAD 


Poljrtaebiile  Inatltuta 
Elaetrieal  Snsr.  Dopt. 
333  dajr  StroH 
Brooklyn,  Boa  look 
1  Altai  laonard  Shaa 


Folytaohale  Inatituta  of  Brooklyn 
Orad.  Cantor 
Bt.  UO 

yaratatUa,  Baa  Xbrk 
1  Attni  Ubrarlaa 


Hanrard  Oiiliioralty 
Hama  Hall  217 
Ca*rld(i  38,  lhaaachuaatU 
1  Altai  Dir.  of  Bricinaorlnc  and 
AppUad  Ihyolca 
Doan  ikraay  Brooka 

miBOla  loatltttta  of  Tbohnolocy 
ToAnOlocy  Oontar 
Chloaao  16,  lUiaola 
1  Altai  Or.  Paul  C.  Sian 

Onlvaraity  of  lUloola 
Eloctrleal  biclnaorlac  Boa.  lab. 
Orbana,  lUlnola 
1  fUul  D.  rnlaaon,  ta.  218 
1  Altai  WlUlaa  HrUlna 

Dnlmralty  of  llUnola 
Digital  Conputor  laboratoip 
Orboia,  llllnola 
1  Attni  Or.  7.A.  Robartaoa 


Unlraraity  of  llllnola 
Coordlaatod  selonoo  laberatotp 
Orbana,  llllnola 
1  Altai  Prof.  Dmiol  Alpart 

Unlraraity  of  llllnola 
Ubrary  Sarlala  Oapt. 

1  Orbana,  Ullnola 

Dnlraralty  of  IlUoolf 
Dapartaant  of  ISyalea 
Orbana,  Ullnola 
1  Attai  Or.  fohn  Bardaon 


Jofeoa  Hopkina  Onlruralty 
AppUad  Plgralea  laboratory 
86h  OaorsU  Arania 
Sllrar  Spring  Iktylaad 
1  Attni  A.V.  Basy 
1  Altai  H.H.  Ghekay 
1  Attai  ibouaint  Ubrair 
1  Altai  SuparrlAor  of  Taoh.  Baporu 

Carlyla  Barton  Xaba. 
fohna  Boifelaa  Unlraraity 
Charlaa  h  3bth  Sta. 

Baltlaora  18,  ikdiOand 
1  Attai  lAbmrtaa 


Unftald  Baaaarah  laaUtuta 
Mtaaiflll.,  OMfon 
1  Attai  Oar  B.  BUkok,  OUwtor 


Iha  Dnlraralty  of  Mlehlpa 
Dopt.  of  Slootrleal  Bnclaaarlnf 
3$03  laat  tk«laaarlii(  BiUdlng 
An  Arbor,  Klehisaa 
1  Altai  Prof.  Joaaph  I.  Boua 

Dnlraralty  of  Bloblipui 
ISO  iriaaa  Bldg. 

Ann  Arbor,  Blohlsan 
1  Altai  Or.  Oardoo  K.  Fotoraoa,  Ur. 
of  Coaauilaatloo  Sclanea  lab. 

Unlraraity  of  Bichlgan 
Inatltuta  of  Solanco  and  Taoh. 

Ann  Arbor,  Blehtgan 
1  Attni  ToOb.  Boouaauta  Samoa 

Unlraraity  of  ISanaaeta 
Dopt.  of  Klootrioal  Aigljaarlng 
Inatltuta  of  Taohnology 
BliiiaapoUa  lit,  Blnnoaota 
1  Altai  Prof.  A.  Van  dor  Zlal 

Dnlraralty  of  Narada 
CoUaga  of  Bnglaaorlng 
Bane,  Barada 

1  Attni  Dr.  Robart  A.  Mubart,  Cbn. 
Bloo.  Bi^.  Dopt. 

Baa  fork  Unlraraity 
Onlramity  Balihta 
Baa  lork  $3,  Baalork 
1  Attni  Dr.  J.H.  BoUlfon,  Jr. 

CBu.  of  B  Dopt. 

Boa  lork  Dnlraralty 
Solid  Stata  Laberatoiy 
it  Baahtngtoa  Plaoa 
Baa  Zort  3,  BaaTork 
1  Altai  Dr.  H.  xauaoin 

Bortlaoatam  Oatraralty 
Baaatoa,  IlllaoU 
1  Altai  Prof.  Donald  S.  Oaga 
Tba  Taohoalosteal  Inatltuta 

Borthaaatam  nalraralty 
Aarlal  Boianniita  laboratofT 
2lt22  Oaktou  Stiaat 
Bmnatoa,  lUlaola 
1  Sttai  Waltar  S.  Toth 


Prlnooton  Dblmraity 
Bloetriool  HiglnaarlaK  Dopt. 
Prlnooton,  Boa  daraay 
1  Altai  Prof.  P.S.  Acton 


Raaoaroh  Inotltata  of  Adronaad 
Stndiaa 

7212  BoUono  Araana 
BaltlMra,  Boryland 
1  Attni  Dr.  B.  t.  Balaan 


Furduo  Unlraraity 
Uaotrleal  Snglaaarliif  Dopt. 
lafayatta,  Indiana 
1  Altai  Ubrary 

Ranaoalaor  Polytaotanlo  Inatltuta 
Ubmry— Sarlala  Dapt. 

1  Tray,  Baa  lock 

Unlraraity  of  Boohoatar 
Oaratt  HaU 
Rlrar  Ca^ua  Station 
Boohoatar  20,  Boa  lirk 
1  Attni  Dr.  Carald  H.  Cohan 

Stanford  Baaaaroh  Inatltuta 
Btnlo  Hrk,  California 
1  Altai  Brtamal  Baporta  0.<I37 

Stanford  Baaaaroh  Inotituto 
Couputor  Labcrotory 
Banlo  Park,  GalUornla 
1  Altai  B,D.  O'ana 

Syraouaa  Unlraraity 
Dopt.  of  Boo.  Bap. 

Sgmcuao  10,  Boa  Tork 
1  Altai  I^.  Staafanl  OoMan 

Dnlraralty  oi  Tuoiaaaat 
Dapt.  tf  B.B. 

Ikrria  thOl 
1  taoKrllla,  Tannoaaoa 

Toaa  Taohnologlaal  Colima 
labboak,  Mtaa 

1  Altai  Olraetor,  Inatltata  af 
Balanaa  onsinawlat 
Otne*  of  Doan  of  Basr. 


IS  Uyalr.  Uat  it-SS 

-3  - 


gnlvcrsitr  of  Otoh 
Uoetrioid  ttviiworlnf  Dopt. 
soli  Liko  Cttji  UUh 
1  Attni  Uehord  0ro» 

ViUo»>ow  OnlYorolty 
Dopti  of  Uoo*  kn(r< 

TtlUnow,  ptiM/lwnio 
1  Attni  meaoa  0.  Oobrlolo 
Aooiotani  frofootor 

Univoroity  of  Vlr*lni« 
ChirlotiooTUlo,  VlrftnU 
1  Attni  J.C.  IplUo,  Aldonoa  Llferoi^ 

foyno  StaU  UnAwoltp 
Dotrolt,  Ucblioo 
1  Attni  frof.  Horry  K.  Joooolion 
Dipt,  of  SUrlo  Uofiioeoa 

liKlnaarliic  Ukrory 
IiXo  Onlnrolty 
Poo  Honn,  Connnotleut 
1  Sloono  Fhntoo  tab. 

X  Bopt.  of  lUotncal  bitimarloc 
1  DttnbaB  lab* 


nousTki 


CeluiMa  Radiatton  Lab* 

$36  C*  IfOtk  St* 

I  Po»  fork,  H*X. 

0oo«alr>6an  DUfo 
A  Dl«.  of  Oon.  [gnaBloa  Carp. 

San  Diofo  L2»  Calif* 

1  Attni  bsr*  library 
Hiil  Zeno  6>1$7 

Cook  Boaoarob  Labo 
SbOl  k*  Oakton  St* 

1  Moi  ton  Orora,  llUnoio 

CotmU  Aaronaiitiaal  Lab* 

UiSS  Oontaoaa  St* 

Buffalo  n,  Moo  fork 

1  Attni  C*X*  Pluaor 

2  Attni  Library 

Sital-HsCullou^  Xne* 

301  Induatrial  Kny 
San  Carlaa,  Califonila 
1  Attni  Roaourob  Librarian 
1  Attni  «*R*  LuaUca 

Elaotro-Optioal  Inatnuauta*  lua* 
12$  I  *  Vinado 
Paaadana,  Calif* 

1  Attni  I*  Maiaan 


Iha  HaUlarmftara  Oo* 
$tb  and  KoatMT  iaa. 
1  ttlotfo  Xllinoia 


Hiahia  Ohaalnil  Co* 
l$bS  t*  9TU1  St. 
daaoltnd  6,  Ohio 
1  Attm  Mr.  r JL*  Shlrland 


■MOatt-rBokard  Co. 
iSa  Pifo  HIU  Id. 
1  ralo  Uto.  Calif. 


Iloffau  OaotronlOB  Carp. 
Saaioondaetor  DAT* 
lOQfl  Ardon  Dr* 


n  MooU,  Calif 
1  Attni  P*S*  Riuaal,  Toeh* 


Hu^MO  Airoraft  Co* 
yioranoa  at  laala  St* 

Onloar  City.  Calif* 

1  Attni  Toeh* 

Bids*  6,  Mk  CZOliB 
I  Attai  S«U.d-BUta  OK»p  -MW 
1  Attni  laoh.  Doa*  Ctr*,  nd(*  6, 
Mail  SUtlan  M*U0 
1  Attni  r.J.  Caabala,  Jr* 

Antanoa  Dopt*!  Son*  and 
Dor*  Labe. 


Aitdral  Corporation 
3800  Cortland  Straat 
GhicapB  L7|  lllinoLo 
1  Attni  E.li*  hobereon,  Librarian 


Pairctaild  Sanioaiduetor  Carp* 
liOOl  Juniparo  Sarra  Blod* 

Palo  Alto,  Calif. 

1  Attni  Dr*  V*H*  Onol.sh 


Bushao  Aircraft  Co* 

Side*  6,  Mall  SUUon  B-1$0 
Culoar  City,  Calif* 

1  Attni  Mr*  A*3*  Jamaa, 
Aaroapaea  Oroup 


Airborne  Inatninanta  Lab* 

Coaao  Hoad 

Boar  Part,  L*I*,  Mm  tork 
1  Attni  John  lyar,  Pica  Praaidant 
and  Tach*  Diractor 

Aiparaa  Corporation 
230  Duffy  Ato* 

HlckaTilia,  L*I*,  Mac  York 
1  AtUii  S*  Barbaaao,  ProJ*  Eng* 

Auarbaeb  Corp* 

163k  Arch  St* 

1  Fhiladalphia  3.  Pa* 

Autonatiea 

OiT*  of  No*  Anarioan  Ariatlon 
9150  S*  laparial  Hlsbaay 
Doimay,  Calif* 

1  Attni  Tach*  Library  30k0-3 

Ball  Talaphooa  Laboratoriaa 
Nirray  Kill  Labs* 

Murray  Hill,  M.J* 

1  Attni  Or*  J*K.  dolt 
1  Attni  pr*  J.R*  Fiaraa 
1  Attni  Dr*  S*  Onrlincton 
1  Attni  A*J*  Qroasaaim 
1  Attni  J*A*  Hombask,  Dir* 

ElaotroB  Tuba  and  Tranaiator 
Davdopnont 
1  Attni  Dr*  M*  Sparka 
1  Attni  A*J*  Horton 
1  Attni  Dr*  E*H.  kjidar 

Baiidix  Corporation 
Hoaaarcb  Labo*  Diviaion 
Southfield  (Detroit},  Mich* 

1  Attni  A*a*  Palfor 


BanooD-lohaar  Corp* 

IkTSl  OaUfomla  St* 
TanMiva,  Calif* 

1  Attni  CoorMO  Span 

Boaao  Laboratoriaa,  Ine* 
Bararly,  Maaa* 

1  Attni  Inaardi  Library 


Oanaral  Uaetrio  Conpany 
Oafanaa  kieetronica  Div*,  -  USOI 
Comall  Uiilcaraity 
Ithaca,  kaalork 
I  Attni  bihrary 
TlAi  Conaandar 

Aaronautieal  Syataaia  Dir* 
hright-Pattaraon  aFB,  Ohio 
Attai  tCLDl/<k 

Donald  S*  Laaia 

Oaiaral  Slactric  TMT  Product  Sae* 

601  Calif*  Ato* 

Palo  Alto,  Calif* 

1  Attni  C.O,  Lob 
1  Attn;  Tech.  Library 

Oanaral  Slactric  Co* 

Raaoaroh  lab* 

P*0*  Box  loss 
Sehanactady*  N*I* 

1  Attai  Dr.  PhUip  M*  Laaia 
1  Attni  T*L*  Maahouaa 
Apfliad  Pbya* 

Oanaral  Elaetrie  Co* 

Slootronica  Park  -  Bldg*  3,  Nn*  llO'l 
Syracuaa,  k*I* 

1  Attni  Doeuaanta  Librarian 
(lelaiida  Burfco) 

Oanaral  Slaetrie  Co* 

Sohoiioetady  $,  B*I* 

1  Attni  Library,  L*M.M*  Ilapt* 

Bide*  26-$01 

Oanaral  Talophona  and  ntotroulea 
Laba.,  Ine* 

Bayalda  60,  K*I* 

1  Attni  Lcttla  R*  Bloia 

OUfUlan  BreUiara 
161$  Tanioa  Blad. 

Loa  Anfolaa,  Calif* 

1  Attni  Inginoarlns  LAtnvy 

Ooddnrd  Spoon  Pllcbt  Canter 
Coda  611 
1  Oraenbalt,  Ml. 


Httghaa  Airoraft  Co* 

Sont conductor  Diviaion 
F*0*  Boa  276 
Koaport  Baach,  Calif* 

1  Attni  Library 
1  Attni  Dr*  E*L*  Staala 

Hughta  Aircraft  Co* 

BUg*,  6ab,  Mdl  SUUon  0*213 
Pullarton,  Calif* 

1  Attni  IM*  A*  laohiior,  Jr* 
around  Syitaai  Oroup 

Hugtm  Airoraft  Co* 

3011  Malibu  Canyon  Rd* 

Malibu,  Calif* 

1  Attni  Mr*  H*A*  lane,  ko.  Lab* 

Intamatlonal  Busiaaaa  Maohinta 
product  DrvalO|aont  Ub* 
Pouihkoopalo,  N*I. 

1  Attni  E*M*  Davio  -  (Dopt*  362) 

Inumotional  Businoao  Moetalnoi 
DnU  Syitaaa  Divisian 
Ban  390,  Buordmn  Rood 
poutftoopalo,  R«i  Sark 
1  Attni  J.C*  Lofua 

IBM  Raoaaroh  Library 
Boa  216 

1  lorktoan  HoishU,  Baa  lOfk 

XnUmoUooal  Bualnaat  Maeblnao 
San  Joao,  California 
1  Attni  MiJorU  (MlffU 

ITT  Padtral  Labomtoriaa 
$0O  •Ohington  AvaoM 
MttUay,  Saa  Jtnv 
I  Attni  Ubrarian,  Mr*  BUa  Hm* 


Laboratory  for  Uaetroiiiot,  Ine* 
1079  Ciianiinaulth  Avonuo 
Beaten  1$,  HuoaetMaatt# 

1  Attni  Or*  R*  fiaiw 


SB  Dtattr*  Uot  Ip43 
-li- 


bberstory  fcr  IlMtraiaut  Ibb. 
10T$  OnaMOMlth  Aw. 

Boatan  IS,  IknulMMtta 
1  Attni  Utorwj 


HataraU,  ltaU«ndaater  frod.  U*. 
SODS  B.  mnawP  M* 

ItMaaiz,  Arlwna 
X  A««B*  Br.  A.  iMk 
1  Attai  IMAT  B.  Myan 


IXL,  loo. 

TS  Akron  Straat 

CeriafM,  Ban*  laXand,  kaa  lark 
1  AUDI  Hobart  S.  Ihutnar 

Xaiinrt  Hlaatrto  Caa^uijr 
San  Carloa,  CaUfonila 
1  Attni  IkL.  BaUar,  lAbrarlan 

Ubraaoapai  Dlrlalan  of 
Qanaral  Fraeiaion,  toe. 

SOS  Baatarn  Amana 
Olandala,  1,  CaUfamU 
1  Attni  aistnaarlns  Uhrary 

Uakhaad  HlaaUa  and  Spaaa  Ca. 
Daiit.  67-33,  nds.  32U 
P.O.  Bob  sob 
Sanqraala,  CaUfanda 
1  Attai  O.f.  Frias 

Xsettasd  KUaUa  and  Spaas  Cs. 
Oapt.  67-3l«,  BUS.  $20 
F.O.  BUI  sob 
Suonriala,  CalifaraU 
1  Attni  Dr.  B.l.  Batria,  Dar>t. 
FlaanAnt  Staff 

Uakhaad  MUaUa  8F*taaa  Ca. 
Somiamla,  Califarnla 
1  Attni  Taohnlaal  Infaraatlan  Ctr. 
SO-Ui 

Uakhaad  IftaaUa  and  Spaaa  Os 
Ma  Alta,  CaXlfamU 
1  Attni  M.l.  Brora  -  Oapt.  SZ-bO 
Bldg.  202 


Botatola,  Ins. 

6330  Indiana  Aw. 
Biwraida,  Calif. 

1  Attni  B.S.  Fraaaa 

Taah.  Info.  Analinit 

Batisnal  Biaaadieal  lust. 
S600  I6th  St. 

Silwr  Srrins,  W. 

1  Attni  Or.  n.H.  UdlaP 


Xortronisa 

Falsa  Vardas  Baaaarnh  Fark 

610.  Craat  kaad 

Falsa  Vardas  batatas,  Calif. 

1  attai  Tsahniaa3|  Inforaatiaa 
AfsiaiF 

FacifU  SwInniJkiirtiira,  Ins. 
UiSZO  So.  Aaiatisn  Bind. 
UnndaU,  Calif^iiU 
1  Attai  a.Q.  Barth 

Fhiloa  Carp,  j 
Taah.  Bap.  OiV. 

P*0«  Bps  lt730 

FhlljidsXpiii*  bht  FMUi;rl«anl« 

1  Atint  r*Ka  mima*  Idltor 
lhile>  TMha  Baps  DIt* 

Ktujnt 

Ihilea  Cars. 

Unmtola  OiTisiso 
Charsh  land 
lAflBdklKa  IBs 
1  Attn,  dohn  B.  Oarden 


Ikrouardt  Aircraft  Carporation 
16$SS  Satieagr  St. 

F.O.  Box  2013,  -  Sauth  Amoi 
Van  BttJB,  CaUfamU 
1  Attni  Dr.  Bason  Chsnaa 
Bassarch  Selantist 


Fhilee  Saiantlfic  Ub. 

Bios  Ball,  FannsFlraida 
1  Attni  Dr.  2.B.  FSldasiar,  Aaaos. 

Dir.  of  Baasarah 
1  Attni  C.V.  BsseiarslU 
1  Attai  C.T.  BeCar,  Baa.  Adviser 


Hauehlax  AasoaUtsa 
SO  S.  BoUsr 
1  Aaplar,  Fannajrlwols 

Halpar,  Inoarparatad 
Appliad  Seianoa  Divisian 
3000  Arlington  Blvd. 

Falla  Chorah,  Va. 

I  Attai  Librarian 

Miors  Stats  Blsotroaies  Carp. 

1  Attni  A.L.  Kaatanbaua 
1S2  Floral  AW. 

MirraF  Kill,  Ban  daraap 

.ttarsnaw  Aasaa.,  Ins. 

Bbrth  Bast  Indastrial  FBifc 
Burlingtan,  Bass. 

1  Attni  U.  lamiath  Hartaasen 

KLsraaaw  Blsetreotas  Carparation 
ItOU  Tranapart  St. 

Fhlo  Alta,  California 
1  Attni  StahUp  F.  Kaisal 
1  Attni  B.C.  Lang 

IB.iBai9sUa-ilenaFaaU  hagalatar  Ca. 
Saadsaodustar  Litranr 
UT7  nas  Karen  Blvd. 

1  Biviara  Baadi,  Ha. 

Banaante  ffliwlBal  Co. 

800  B.  Undbar(Si  Blvd. 

Bt.  LsoU  66,  K). 

1  Attau  ».  BBawd  Orban  Br. 
iMriaois  nawlgpBaiit 


Folarad  blaetrouisa  Carp. 
li3-20  Thirtr-Fourth  St. 

Lr  g  lalanl  Citp  1,  Baa  Xaik 
1  Atuii  A.H.  Sacsisaaebaia 

Asa't.  to  tha  Ftssidsnt 

aCA  Ubaratorias 
Frinosten,  Nan  dsrssp 
1  Attni  Rsraiek  dehnsen 
1  Attni  ar.  «.B.  Babotar 

BOA 

BUg.,  106-13b 
Baarastsan,  Boa  darsap 
1  Attni  H.d.  Babradar 

Iba  Band  Carp. 

1700  min  St. 

SanU  Ibalaa,  GtUf.  - 
1  Attni  Ub.,  Man  d.  BaUron 

Tbs  Band  Carp. 

1700  Bain  St. 

Santa  BacAaa,  Oalif. 

1  Attni  Otapntar  Saiansss  Dap*. 
BiUia  H.  Wars 

■aiaand  Atoblsp  Oiv. 

Aaarisan  Braba  Bbss  Ca. 

2231  Saotb  Barriagton 
Iga  Angalsa  6b,  Oalif. 

1  Attai  flldBe  Marl 


BMkbsan  Oaapnp 
Karanaw  aari  FBWP  Tabs  Ditr. 
Spaasar  Labaratory 
Baaltagtaih  Hmb. 
lAttav  UbTCPUn 


iBptbaan  Mnifiiatariag  Os. 

28  a^tt. 

Maltbaa,  Ifeaa. 

1  Attni  Br.  Baraao  Stats 
1  Attni  Ubiarlan 

Bnytliann  Cup. 

Balthaa,  Ifeaa. 

1  Attai  Br.  B.  Sabufkau 

Begar  Bblts  Uaetroa  Dsvissa,  laa. 
Tall  Oda  Kaad 
Uural  Ladgaa 

1  Staafard,  Coaa. 

Spaaa  TsetanologF  Lataormteriaa,  Ine. 
Ona  Stra  Fnih 
Badondo  Baasb,  Calif. 

2  Attai  Tseh.  Ub. 

Bnmiaanti  Aaqniaitiaiis. 

Spaas  TsUvolagp  labs.,  Ine. 
Ftgrsisal  Baaaarab  OtvisUn 
B-1,  Ba.  1006,  CM  Spaaa  Fark 
Kadends  Baaah,  Calif. 

1  Attni  lap  F.  UngaUp 

Spaoa  Taobnnlocp  Uba.,  Ine. 
Fbpaieal  biaiaridi  Lab. 

F.O.  Boa  9S0U2 
Laa  Angilaa  bS,  California 
I  Attni  D.  Findlain 

Sparry  OyrsMapa  Coapany  . 

Oiv.  of  Sparry  Band  Cup.  V 
Oraat  Bank,  Baa  lUk 
1  Attni  Uoaard  Savrn  (B.S.  3T13S} 

spnrry  Bicravaw  blaatronica  Co. 
Claaraator,  Fluids 
1  Attai  dohn  B.  Fippiii, 

gaa.  Ssotion  Head. 

Sparry  aastron  Tuba  Div. 

Sparry  Hand  Carp. 

1  QaimaviUt,  Florida 

Cnranrttng  Offieu 

U.S.  Any  Klaetroniea  Raa.  Unit 

P.O.  Boa  20$ 

1  BeunUin  Vita,  Calif. 

SylvanU  Blsetr...'  ..  Syataa 
BaltHaa  UboratoriM 
ICO  yirat  Aw. 

Balthaa  5b,  Basa. 

1  Attni  Ubruian 
1  gttni  IT.  Bmtat  B.  Itollia 

Taohnlaal  Rassareh  (koup 
1  Syosast,  Lons  Island,  Ban  Zork 

Taaas  Inatruaanta  Ineupwatad  ~ 
Apparatus  Uv. 

P.a.  Baa  601$ 

DUlas  22,  Taaas 
1  Attni  B.B.  Chin 

Taaaa  inatiranta,  Ine. 
BaMsonducter-Caaponanta  Uv. 

F.O.  Baa  $062 

OiUaa  22,  lara 

1  Attai  aaMesaduetar  Csaponanta 
Ub. 

1  Attni  Br.  B.L.  Fritahatd 
1  Attni  Dr.  mils  A.  Adsssk,  Bpr* 
Intairatad  Uraulta 
Oamaota  Dir. 


taaaa  lastnaanta  Inesrpetal 
Osipants  baasarah  tad  iiagi, 
paabnUal  Bnopta  Barvlst 


P.0.  Baa  Sb7b 
1  BfeOaa  28,  Tam 


turn.  Ustb>6S 


MltNOU.  IM. 

r.o.  Bo  9>o 
■WMrtan,  CMfoii 
It  Utni  Dr.  Jmd  r.  SaUrd 
Dir.  at  taaaarA 

Tnmltraa  Stoetrenls  Carp. 
lUi  MdUou  8t. 

Kart  Baaton,  Ifeoa. 

1  Ittni  Dr.  H.O.  iOMlaitert 
Uraetar,  R  and  0 

Tarlon  ioaaaiataa 
611  MOnaan  Kap 
Fala  Uta,  ColU. 

1  Attni  Taoh.  Ulararp 

■aaUn^Moaa  Bootrle  Carp. 
Irlauiahlp  Intoniailanal  Airport 
tat  7li6,  Boltlanw  3,  Nd. 

1  Attai  0.  Rooa  XUcera,  Mcr* 
AppUod  naaaaroR  Dopt. 
Boltlaora  Ubarataiy 

KoatlnKtaiaa  KUotrle  Oorp. 

Btttlali  ftMid 

Pltttairth  35,  fannarlauU 
1  Altai  Dr.  O.C.  lolUal 

■aotln^Muoa  Klaotrle  Carp. 
Roaaarah  taboratarloa 
■ouloh  Rood,  OomhlU  Boro 
Ptttataar^  3S,  Ponnajflaaila 
1  Altai  J.O.  Caatla,  dr.  -  liOL'lBS 
1  Altai  Solid  Stala  Oapt. 

1  Altai  K.E.  Darla 

BoatliidlMuaa  Uiolrlo  Corp. 
Hotaeban,  Baa  Joroap 
1  Altai  Ikd.  HoUalroo,  Soparrlaor 
Adranood  Diralotaaol  lob. 

Zaiitlh  Radio  Corporatloo 
6001  Uekana  Ara. 

Chloofo  39,  llUnola 
1  Altai  Joaopb  Maifein 

APSC  Llaloon  Offlaa 
boa  Anfaloa  Aroa 
1  Altai  lycol.  Aa.  Kookol 
6331  Hollpaaod  Bird. 
HoUpnood  28,  OollP. 

Bd.  OSAP  (APRDRdlO-3) 

Tha  Panlofoii 

1  Altai  IR.  Harip  Nilkop 
Rooa  li0  33S 
Vaah.  2S,  D.C. 


Air  Foreo  Spolaaa  Cnaaiind 
SelanllPlc  k  Tooh.  Uoloon  Oftloa 
lU  K.  I6lh  SI. 

1  Baa  Xmli  23,  Boa  XoUc 

Sohool  ot  Aaroapaaa  Ibdiolaa 
DSAF  Aaroapooa  IMlool  Dir.  (AISC) 
1  Altai  3BAP 

Broako  APB,  IWoa 


CooBoiidliiK  Oinaral 
UKABLRDL 

1  Altai  Taehnloal  DocHaanta  Caolar 
Krana  Slfool  Ub  Araa, 
BUf.  27 

Ft.  HooBOalli,  Baa  doraap 


Coanaodta 

Anv  BnlUalle  Hlaalla  Agaaep 
1  Altai  ODAB-OOC 

HodolaM  Araonol,  tlahoai 


Adolaafp  Oraup  aa  Rallabllltp  af 
Blaolroala  BaalBaail 
OfXlea,  Aaal.  Saaralarp  at  DaXbiaa 
tba  PootaaoB 
1  nab.  K,  D.C. 

fba  Mania  Coopoap 
p.O.  Boa  SaiT 
OrloBda,  Florida 
1  Altai  loctaaorlat  Utaraiy 
B.P.  30 


M  Dtalr.  Uol  1-63 


PDiiKia:  HECIHEMTS 


1  North«r>i  tlcetric  Co.,  Ltd. 

Res.  ind  Dov't  Lebs 
P.O.  lio»  35U,  SUf.oa  "C« 

**Obts«i>,  CAMiDt. 

RCA,  iiuiT.  Ccz^.  Div. 

Front  Slid  HerVuit  Sts.,  Qldg.  17-C-6 
Caaden,  ii.J. 

1  Attns  ».  K.  y^ller.  Mgr. 

Itinuteoan  KroJ . 

Central  Tl^ctronlcs  Engineering 
Research  Institute 
•  Pllari,  Rajaathsii,  India 
1  Attn:  (a  F.  Oandhl 

VK  re*  ty  of  Ott-ewa 

r«pt.  o:r  Eloetrtcai  >;ngl.«»vrlif« 

••  C  ttaca  ;!,  CAMACA 
1  Attn  'l.S.  Ollnsky 

1  Jr.  iidsey  V-  Soaiies 
I.aseirci  !>ept. 

I'erraritl-Pa^card  Exactrie,  Ltd. 

'  ndustrr  St. 

**';or-jnto  15,  CAMADA  Ontario 

1  Ifir.  Ilei<tci  IKantola 
I'lslars  Eleclrotdcs  laboratory 
**.!jLliiiacn<attt  17,  HelslrJci ,  Flnlaid 

1  Prof.  Jose  U.  Borrego 

len'.ro  le  Investlgaelon  T  da  Estudloa 
Ara'Mdcs  Dal  Institute  Polltecnico 
Katlonal 
Apsrtado  Postal 
«aaex Leo  lU,  D.F. 


«  CKR  Ui  Reports  CKLT 
•»I.'  on  kT  26  Rsporta,  mat  bo  sent 
71  k:  ASD,  Foreign  Re lease  Office 
(ASTF) 

Wrlght-Patterson  AFB,  Ohio 
Attn;  Itr.  J.  Troyan 


